ABSTRACT
Introduction
During stress, the plant adapts its metabolism and responds by leading to a variety of biochemical and physiological changes. Different developmental stages of the plant growth are differentially affected in response to stress conditions There are several biochemical functions involved in the response of the plants to osmotic stress, such as ion export, cell wall modification, synthesis of late-embryo genesis abundant proteins and activation of several detoxification enzymes (1, 5) . The protein metabolism of the cells undergoes changes in terms of acquiring specific stress proteins, which are either not detected or present in low amount in not induced cells. Stress proteins may be involved in avoiding stress, in repairing damage or in protecting cellular machinery from the effects of stress (Grover 1998, 7). The identification and isolation of stressresponsive proteins is a central theme in plant-stress studies. Different stresses positively influence the induction of embryogenic response. The induction and initiation of somatic embryogenesis are accompanied by an increased expression of diverse stress-related genes. Therefore, besides having a function in defense system, stress-related proteins have functions related to the development of the plant. Investigation on the presence and functions of secreted proteins and their use as biochemical markers for regeneration potential and stress adaptation in monocots have been scarce and little is known about the genes responsible for secreted proteins with essential functions in embryogenesis (11) . Determination of the physiological roles of such proteins and the identification and isolation of novel genes with potential biotechnological applications may necessarily require development of specific antibodies against the proteins to allow functional analysis.
Proteomics is providing an indispensable tool for studying alterations in protein pro-files caused in response to various stress stimuli in a relatively fast sensitive and reproducible way. The power of two-dimensional polyacrylamide gel electrophoresis (2D-PAAGE) is such that it allows even minor changes in gene expression caused by internal or external cues to be effectively scored. Most proteins resolved by 2D have high purity, which facilitates their using as antigenes. 2D phage panning (2DPP) is highly advantageous, since it can rapidly and directly give us antibodies against each protein in crude extract resolved by 2D PAAGE. The "antibody catalog" can be made when Abs are selected for each component in some characteristic protein fractions. The antibody set is applicable for protein expression profiling in many stress conditions (6) .
In our study we demonstrate the isolation of phage antibodies against stress-related protein resolved from salt stressed embryogenic suspension cultures from Dactylis glomerata L.
Materials and Methods
Cell culture. For callus initiation Dactylis glomerata L. genotype Embryogen-P was used (2) . In vitro suspension cultures were initiated from embryoids from one month callus according to Conger et al. 1989 on liquid SH30 medium containing 0, 5, 10 or 15 g.L -1 NaCl, respectively. All cultures were subcultured at 2-week intervals and maintained in the dark at 25 ºC on a rotary shaker (105 rpm). Protein isolation. Suspension cultures at day 14 were centrifuged at 500 g for 5 min. The culture medium was subjected to dialysis against ddH 2 O and extracellular proteins were isolated by liofilysation. 2D-PAAGE. Analytical flat bad isoelectrofocusing (IEF) was performed on a 0.75 mm thick 5% polyacrylamide gel, containing 2% v/v ampholines (Pharmacia Biotech, pH 3.5-10) for 3h at 700 V. Isoelectric points were determined using IEF standards (Pharmacia, pI 3.5-9.5).
For two-dimensional electrophoresis (2D-PAAGE), lanes from IEF gels were excised, equilibrated in non-reducing buffer (62.5 mM Tris-HCl , pH 6.8, 2% SDS and 0.001% Bromphenol blue) for 15 min and than were placed on 10 x 8 x 0.1 cm slab gels made of 12.5% acrylamide gel for separation by SDS-PAAGE (8) . Afterwards gels were fixed and silver stained according to Nesterenko et al. 1994 . Preparation of 2-D protein spots for phage panning. Preparative 2D-PAAGE was performed. The lanes with wanted pI range obtained after isoelectric focussing were excised and used for SDS-PAAGE in the second dimension. After electrophoresis, the proteins were electrotransferred to a nitrocellulose membrane. The lanes with needed molecular weight were excised and were used as antigens for phage display. Phage panning with 2-D Protein lanes. Phage antibodies were selected through 4 rounds of panning from the human synthetic single-chain Fv (scFv) library "Griffin.1" (provided by Dr. G. Winter, MRC, Cambridge, UK). A lane, containing the blotted target antigen was soaked in PBS containing 1% Tween 20 for 1 h for renaturation of protein, blocked with 0.1% Tween 20 in PBS and incubated with phages (1x10 12 cfu) in 1 ml TPBS (0.1% Tween 20 in PBS) for 2h/RT in each round. Next, the membrane was washed subsequently with TPBS and PBS (20 times each). The bound phages were eluted with 1 ml 0.1 M Gly-HCl, pH 2.8 and immediately neutralized with an appropriate amount of 1.5 M Tris, pH 8.0. An aliquot of 0.7 ml eluted phages were rescued according to Griffiths et al. 1994 and used for the next round of panning. Phage Western Blotting. The proteins from suspension medium were subjected to SDS-PAAGE and were electroblotted onto nitrocellulose membrane. The membranes were renatured as described above, blocked with 0.1% TPBS, and incubated with phages (1x10 12 cfu) in 1 ml TPBS over 
Results and Discussion
The 2D PAAGE analysis of extracellular proteins released into the culture medium showed a different pattern between controls and salt-stressed suspensions. Preliminary studies showed that the regeneration capacity was suppressed after treatment with 10 g.L -1 NaCl and was completely arrested at 15 g.L -1 NaCl. The presence of 5 g.L -1 NaCl speeds up the development of somatic embryos and shortens the period of time needed for embryo conversion almost twice (10) . With regard to these results, the effect of 5, 10 and 15 g.L -1 NaCL on protein pattern of extracellular extracts was compared between control and salt treated suspension cultures.
The severity of salt stress was reflected by the accumulation of predominantly acidic and basic polypeptides of molecular mass ranging from 20 to 78 kDa only in the cultures treated with 10 and 15 g.L -1 NaCl. Fig. 1 shows the electrophoretic pattern of proteins secreted in the culture medium from control embryogenic suspension cultures and those treated with 15 g.L -1 NaCl. The proteins marked by arrows were expressed significantly more in cell cultures no longer able to regenerate plants. Some of these secreted stress proteins may have inhibitory role on embryogenic response and are potential candidates as markers for the loss of regeneration capacity.
As a target of 2D phage panning, we focused on a protein with pI 9.35 and M.W 76-74 kD, one of the most abundant proteins in salt treated cultures. Secreted proteins were subjected to preparative IEF. The lane with pI 9.2-9.4 was excised, subjected to SDS electrophoresis and than transferred to a nitrocellulose membrane. The protein lane with M.W 76-74 was used as the antigen source for phage panning. To achieve optimum binding of specific phages to the antigen, renaturation treatment of antigen blotted onto nitrocellulose membrane with Tween 20 was introduced to each round of panning (6) .
By membrane panning we selected from "Griffin.1" library 2.4x10 9 (cfu/ml) phages in the first round. The three subsequent rounds gave 1.04x10 9 , 10x 10 7 and 3x10 5 cfu/ml, respectively. The enrichment of the specific binders in phage pool was evaluated by 1-D Western blotting of secreted proteins in the medium of NaCl treated suspension cultures (Fig. 2) . The polyclonal phages from 3rd round and 4th round of selection were positive in recognizing protein antigens with mol. weight 72-74 kD, electroblotted onto a nitrocellulose membrane (Fig. 2b, c) .
In further analysis we screened monoclonal scFv s from 3th and 4th rounds. By immunoblotting we detected 7 positive clones. Further investigations are in progress in order to obtain soluble monoclonal antibodies against different stress-related proteins.
Conclusions
We demonstrate that 2D-phage panning using human synthetic scFv library and involving nitrocellulose is quite effective and useful for selection of specific antibodies against plant stress-related proteins. 2D-PP is highly advantageous, since it can rapidly and directly give us antibodies against each protein separated by 2D-PAGE. When antibodies against stress-related proteins are selected, the antibody set could be used to identify different markers for stress adaptation, embryogenic or re-generation capacity of somatic embryoids.
